To determine whether 30-day postoperative mortality, complications, failure-to-rescue (FTR) rates, and postoperative length of stay increase with advancing age. DESIGN: Retrospective cohort study. SETTING: Hospitals participating in the American College of Surgeons National Surgical Quality Improvement Program. PARTICIPANTS: Individuals undergoing nonemergent major general surgeries between 2005 and 2008 were studied (N = 165,600). MEASUREMENTS: Postoperative outcomes of interest were complications occurring within 30 days of the index operation, return to the operating room within 30 days, FTR after a postoperative complication, postsurgical length of stay, and 30-day mortality. RESULTS: Postoperative mortality, overall morbidity, and each type of postoperative complication increased with increasing age. Rates of FTR after each type of postoperative complication also increased with age. Mortality in individuals aged 80 and older after renal insufficiency (43.3%), stroke (36.5%), myocardial infarction (MI) (35.6%), and pulmonary complications (25-39%) were particularly high. Median postoperative length of stay increased with age after surgical site infection, urinary tract infection, pneumonia, return to the operating room, and overall morbidity but not after venous thromboembolism, stroke, MI, renal insufficiency, failure to wean from the ventilator, or reintubation.
M ore than one-third of all inpatient operations in the United States are currently performed on individuals aged 65 and older. 1 Older adults often have multiple chronic diseases that make their surgical care complex. [2] [3] [4] [5] [6] [7] Given the demographic inevitability of the aging population, it is important to improve understanding of the relationship between older age and surgical outcomes.
Current surgical literature is conflicting on the relationship between older age and surgical outcomes. Singlecenter studies have established that acceptable outcomes can be achieved in individuals aged 80 and older after major operations. 8 In contrast, population-based outcomes research has found that older age independently predicts adverse postoperative outcomes. [3] [4] [5] 7, 9, 10 As a result, the operative risk and optimal perioperative medical and surgical management of these individuals is not completely understood.
Older adults have less physiological reserve than younger adults-a physiological vulnerability termed frailty. [11] [12] [13] Intuitively, it would seem that these diminishing physiological reserves with advancing age affect the ability to save patients after a major postoperative complication. The relationship between failure to rescue (FTR or the probability of an individual's death after a postoperative complication) and age is not known.
Using the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database, this study examined the effect of advancing age on the postoperative morbidity and mortality, FTR, and postoperative length of stay of individuals undergoing major nonemergent general surgeries.
METHODS

Data Source
Data for this study were obtained from the ACS-NSQIP, which assesses preoperative risk factors, operative data, and 30-day postoperative outcomes for sampled individuals undergoing major surgery at participating hospitals. A trained surgical clinical nurse collects the data from the individuals' medical records. All data contained within the dataset are deidentified. On the 30th postoperative day, the nurse obtains outcome information through chart review, reports from morbidity and mortality conferences, and communication with each individual or the individual's family by letter or telephone. 14 
Participants
The ACS-NSQIP database was used to select individuals who had major nonemergent general surgeries between 2005 and 2008. Individuals included in the analysis were identified using Current Procedural Terminology (CPT) codes used to select individuals whose procedure warrants more than an overnight stay. Individuals were excluded if their operation was coded as an emergent case (because emergent surgeries in elderly adults are not discretionary); if there was missing information for sex, race, wound classification, age, and work relative value units (RVUs); or if the individual had had a prior operation within the past 30 days. Table S1 lists all CPT codes used to select participants for this study. Using the methods detailed above, 165,600 participants were selected and stratified according to age (<50, 50-59, 60-69, 70-79, ≥80).
Definitions of Outcomes of Interest
Postoperative outcomes of interest were complications occurring within 30 days of the index operation, return to the operating room (OR) within 30 days, FTR after a postoperative complication, postsurgical length of stay and 30-day mortality. Postoperative complications included surgical site infection (SSI, including superficial and deep wound infections, wound disruptions); cardiovascular, pulmonary, renal, and central nervous system complications; and return to the OR. Complications were also grouped to form a composite pulmonary outcome (pneumonia, total duration of ventilator-associated respirations during postoperative hospitalization >48 hours, reintubation for cardiorespiratory failure) and a composite vascular outcome (stroke, cerebrovascular accident (CVA), myocardial infarction (MI)). An overall composite outcome was created by combining SSI and pulmonary and vascular complications.
Statistical Analyses
Baseline participant characteristics were compared between age groups using chi-square tests of association for categorical variables and analysis of variance for continuous variables. A chi-square test was used to compare the overall number of postoperative complications and the rates of each type of complication between the age groups. Logistic regression analysis was used to compare the rates of FTR after each type of complication between the age groups, adjusting for type of surgery. Multiple linear regression analysis was used to compare postoperative lengths of stay for participants with and without each type of complication between the age groups, adjusting for type of surgery.
Failure-to-rescue rates were computed for each type of complication and the age groups by computing 30-day mortality for participants who developed each type of postoperative complication. These FTR rates were compared between various age groups using the Cochran-Mantel-Haenszel method. For example, the FTR rate for SSI is calculated as the number of individuals who have a postoperative SSI and die within 30 days after the operation divided by the total number of individuals who develop a postoperative SSI.
All analyses were performed using SAS software, version 9.3 (SAS Institute, Inc., Cary, NC). P ≤ .05 was considered to be statistically significant.
RESULTS
Individuals who underwent elective major general surgeries from 2005 to 2008 were studied (N = 165,600). Participant characteristics for all age groups are shown in Table 1 . The frequency of medical comorbidities increased with age. Older adults were less likely to be independent in their activities of daily living. Preoperative hematocrit and albumin values decreased with age. Preoperative blood urea nitrogen was higher with older age. Older adults had significantly higher American Society of Anesthesiologists (ASA) class and were less likely to have an upper gastrointestinal procedure performed and more likely to have colorectal-appendix surgery.
The frequencies of participants with multiple complications increased with age (Table S2 ).
The incidence of postoperative complications according to type of complication and age is presented in Table 2 . For all ages, SSI (6.9%), return to the OR (5.1%), and UTI (2.6%) were the most frequent postoperative complications. Although the top two complications in terms of frequency remained the same for all ages (SSI, return to the OR), the third most frequent complication was UTI for participants younger than 60 and pulmonary complications for those aged 60 and older. For most types of complication, there was a monotonically increasing rate of complication with increasing age.
Failure-to-rescue rates and mortality after a complication were the highest for renal complications (27%), MI (26%), and reintubation (25.6%) for the entire sample (Table 3 ). There were differences in the mortality effect of the postoperative complications in the different age groups. The most lethal complications in participants younger than 50 and aged 50 to 59 were MI (22% and 26%), renal complications (20% and 19%), and CVA (18% and 19%). The highest mortality complication was renal complications in participants aged 60 and older, who were significantly more likely to die from renal complications when they occurred (24% for 60-69, 32% for 70-79, 43% for ≥80). The second highest mortality was attributable to reintubations (21%, 30%, and 39%) in all three of the oldest age groups. The third highest mortality was from failure to wean from the ventilator in participants aged 60 to 69 and 70 to 79, with stroke coming third in participants aged 80 and older. Although in general there was a steady increase in mortality with advancing age for almost every type of postoperative complication studied, the most striking was the high FTR for all complications in participants aged 80 and older (from 5.75% for SSI to 43.3% for renal insufficiency).
The association between complications and postoperative length of stay according to age group is presented in Table S3 . SSI increased postsurgical length of stay in all age groups, and there was an age-dependent steady increase in length of stay in participants with SSI from a median of 6 days in participants younger than 50 to longer than 9 days for participants aged 80 and older. Similarly, pneumonia increased postoperative length of stay in all age groups, from 12 days in participants younger than 50 to 17 days in those aged 80 and older. UTI resulted in progressively longer length of stay in participants younger than 70, but the effect leveled off in participants aged 70 and older. Unplanned return to the OR was associated with longer length of stay, which also increased with advancing age, although the effect diminished in those aged 80 and older. Failure to wean and reintubations were associated with the longest postsurgical length of stay in all age groups when these participants were compared with participants not having the complication. Participants aged 80 and older who developed the above-mentioned pulmonary complications spent a shorter time in the hospital. There were no statistically significant differences in length of stay according to age group in participants experiencing the postoperative complications of thromboembolism, stroke, MI, renal insufficiency, or reintubation.
DISCUSSION
The current study is one of the largest studies on the complication rates and short-term outcomes of nonemergent general surgeries in elderly adults. Older participants had more comorbidities and higher preoperative ASA scores than younger participants. In general, older participants had a higher rate of postoperative morbidity and mortality than their younger counterparts. The most frequent postoperative complication was SSI in all age groups, followed by return to the OR and UTI. Older age was also associated with having multiple complications simultaneously. Once a complication occurred, elderly participants were less likely to survive this event than their younger counterparts. Most striking was the substantially greater mortality for every postoperative complication studied in participants aged 80 and older. Participants younger than 60 were most likely to die after an MI (the number of events in these age groups was low), whereas participants aged 60 and older were most likely to die from renal complications. Older age resulted in progressively increasing postoperative length of stay in all age groups for all participants without a complication. Participants with any complication had a longer postoperative stay than those of the same age without any complication. Older age resulted in Table 3 
<.001
Stroke or cerebrovascular accident with neurological deficit progressively longer postsurgical stay after SSI, UTI, pneumonia, and return to the OR. In contrast, there were no statistically significant differences in postoperative length of stay according to age group for participants having the postoperative complications of thromboembolism, strokes, MI, renal insufficiency, and unplanned intubation. Early withdrawal of care in the older age groups when these complications occurred could have caused a lack of statistically significant differences for the latter complications. Surgeons routinely have preoperative risk-benefit discussions with patients. Defining an actual risk remains difficult, especially in older adults. The unspoken expectation from the surgeon is to provide outcomes similar to those in younger individuals. Traditional preoperative risk stratification for older adults may include several preoperative risk factors other than age. 15 Older adults undergoing surgery have a physiological vulnerability resulting from low physiological reserves associated with aging.
11
Frail individuals have limited reserves to withstand health stressors. 12, 13 With a continued increase in the number of operations performed in individuals with advancing age, preoperative identification of predictors for poor postoperative outcomes is important.
Population studies have consistently found that older adults have greater risk of postoperative adverse events, longer stays, and higher rates of death after major general surgeries. A study of individuals aged 80 and older undergoing colorectal surgery found elderly adults to be prone to major complications (17%), long stays (29%), and greater risk of 30-day mortality (6%). 5 Multivariable analysis demonstrated that older age independently predicted worse postoperative outcomes in the oldest old. These findings were similar to findings from the current study, in which participants aged 80 and older had the highest rate of complications, (24%) and the highest overall mortality (6.3%). Another study of individuals aged 65 and older undergoing commonly performed abdominal surgery in Washington state examined complication rates and mortality in various age groups with 5-year increments. 3 The 90-day cumulative complication rate was greater than 17%, with 5.4% mortality. Similar to findings from the current study, the odds of postoperative death were significantly greater with older age in adjusted analysis.
Most of the participants in this study using the ACS-NSQIP data had no documented postoperative complication in the nonemergent general surgery setting. This was true for individuals of all ages, including the oldest old (≥80), suggesting that surgical interventions can be safely performed in all age groups for the majority of the participant population. Nevertheless, a progressively increasing FTR rate with advancing age was noted in all complications studied, suggesting that older adults have low physiological reserve, reducing their ability to withstand complications and decreasing the clinician's ability to rescue the individual once a complication occurs. Although MI, renal insufficiency and stroke with neurological deficit are rare postoperative events, mortality for these complications is 17% to 43%. Admittedly, the high mortality after MI and stroke must be interpreted with caution given the low number of events in younger age groups.
There is a clear need to further refine preoperative participant selection tools, especially in elderly individuals. Based on this and some other studies, chronological age remains an important variable in predicting postsurgical complications and mortality, but in the era of individualized health care, additional variables will also play an important role in achieving a better participant selection process for high-risk surgical procedures in elderly individuals.
Previous studies have shown a clear relationship between volume of complex elective general surgeries and mortality for some of the most complex elective general surgeries performed across the United States. 7, 9, 16 The volume outcome relationship may be even more important for elderly adults, because occurrence of a postoperative adverse event increased FTR rates in aging adults in the current study. Several studies 2, 6, 17 have developed risk assessment tools using easily identifiable preoperative variables other than age, such as cognition, nutritional status, number of falls, hematocrit, dependence in activities of daily living, and comorbidities. Living in a nursing home as a measure of preoperative function or being discharged to one postoperatively has also been clearly demonstrated to predict significantly worse postsurgical outcomes. 18, 19 It is likely that the best prediction tool will come from combining variables identified in the abovementioned studies and should be a subject of carefully planned, prospectively performed studies in the future.
This study has several limitations. The database used and the analyses conducted contained a large number of different types of general surgeries. With the exception of SSI, all other complications studied were nonsurgical complications. Because follow-up in the ACS-NSQIP is limited to 30 days, long-term complications, discharge to facility, and mortality could not be studied. The volume-outcome relationship could not be explored, because the dataset does not have any information on hospital volume. The number of adverse events in certain age groups was low (MI, stroke), which may have influenced FTR results. Shorter length of stay in individuals aged 80 and older after certain complications (stroke, MI, failure to wean, unplanned intubation) was attributed to possible sooner withdrawal of care in older individuals, but there were not enough data to study this hypothesis.
In summary, older adults undergoing nonemergent general surgeries in ACS-NSQIP hospitals have a longer postoperative stay, greater risk of postoperative complications, and higher death rates than their younger counterparts. Based on this study, age alone currently remains an important predictor of adverse postoperative events in the general surgical population. The significantly greater risk of postoperative complications and death deserves an in-depth preoperative discussion with elderly adults and their families. In addition to pushing for more-realistic informed consent acknowledging the possibility of greater mortality, complications, and postcomplication mortality in this population, new preoperative geriatric assessment tools and prehabilitation should also be developed and emphasized, and postoperative geriatric pathways should be improved to reduce postsurgical adverse events in the oldest old. Some of these prospective studies are currently under way. Please note: Wiley-Blackwell is not responsible for the content, accuracy, errors, or functionality of any supporting materials supplied by the authors. Any queries (other than missing material) should be directed to the corresponding author for the article.
